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Arthropod-borne virus encephalitis in the U.S.A. includes LaCrosse, St Louis, western
equine, eastern equine, Venezuelan equine, and Powassan inthat order offrequency. Diagnosis
can be aided by the history of seasonal occurrence, climate, geographic location, exposure to
vectors, and age ofthe patient. The definitive diagnosis is usually made by serological tests such
as neutralization, complement-fixation, hemagglutination-inhibition, and immunofluorescence;
the radioimmune assay and the enzyme-linked immunosorbent assay show promise of future
utility.
These diseases are prevented by vector control. It is unlikely that vaccines or anti-viral agents
will have application in the near future.
Encephalitis is a reportable disease in the United States. The arboviruses comprise
65 percent of encephalitis cases reported by etiology to the Center for Disease
Control over the past 10 years. Nearly all are mosquito-borne and caused by five
viruses: LaCrosse, St. Louis encephalitis, western equine encephalomyelitis, eastern
equine encephalitis, and Venezuelan equine encephalomyelitis, in that order of
frequency. Ten cases of Powassan encephalitis, a tick-borne viral disease, have also
been recorded in the U.S.A. as sporadic cases since the virus was first isolated (in
Canada) in 1958. Table 1 shows the number of reported cases of arthropod-borne
encephalitis over an eight-year period. In addition, about 60 percent of reported
encephalitis is never diagnosed as to etiology; most of these cases occur in the late
summer and early fall when mosquitoes are prevalent.
A high index ofsuspicion is needed by the physician and the laboratorydiagnosti-
cian if cases ofarboviral encephalitis are to be recognized. Although in anepidemic it
may be possible to recognize a diagnostic clinical syndrome, isolated cases are not
usually diagnosed reliably without specific serologic or virologic tests. Suspicion is
guided best by a knowledge of epidemiologic factors which in turn depends on
knowledge ofthe specific vector ofeachvirus, thegeographic distribution, and on the
mode of reservoir maintenance. The following descriptions will summarize what the
clinical virologist needs to know to maintain appropriate index of suspicion and to
pursue a rational approach to diagnosis of arboviral encephalitis. For a detailed
discussion ofdifferential diagnosis and a comparison with other types ofCNS disease
the reader should consult the review by Monath [1].
EPIDEMIOLOGY
LaCrosse virus is transmitted by Aedes triseriatus mosquitoes, a woodland species
widely distributed in the middle western states as well as the middle Atlantic and
Appalachian states. The virus is transmitted vertically through the mosquito egg [2],
and the adult progeny can transmit the virus by bite on emergence from the pupal
stage. This type ofcycle allows for human La Crossevirus infection in early summer,
unlike infection with western equine encephalitis (WEE) or St. Louis encephalitis
93
Copyright ' 1980 by The Yale Journal of Biology and Medicine, Inc.
All rights of reproduction in any form reserved.TABLE 1
Reported Cases of Arthropod-Borne Encephalitis, 1969-1976*
WEE EEE SLE CE VEE POW TOTAL
1969 21 3 16 67 1 0 108
1970 4 2 15 89 0 0 110
1971 11 4 57 58 19 1 150
1972 8 0 13 46 2 1 70
1973 4 7 5 75 0 0 91
1974 2 4 72 30 0 0 108
1975 133 3 2131 160 2 2 2431
1976 1 0 376 31 0 0 408
*Data from Viral Diseases Division, CDC, Atlanta, Georgia
(SLE) which appear late in the summer. The transmission cycle is amplified by
infection and subsequent viremia in woodland mammals, especially in chipmunks
and tree squirrels [3]. The cycle probably also is maintained by venereal transmission
in mosquitoes through the infected fluid ofthe seminal vesicles [4]. In the laboratory
as many as 30 percent of infected male mosquitoes transmit virus this way.
The disease affects mainly children. Man is infected when exposed to mosquitoes
in wooded areas, either by living in a suburban community nestled among hardwood
forests, or by hunting, fishing, picnicking, or hiking in the woods. Back yard tire
swings and discarded tires offer breeding sites for Aedes triseriatus mosquitoes and
serve as foci of infection. The LaCrosse virus transmission cycle is as follows:
infected Aedes triseriatus 9 mosquito egg
I
bite larva
squirrels, chipmunks pupa adult c(
viremia adult 9 adult9
\ -
Aedes triseriatus 9 - . man
etc.
St. Louis encephalitis occurs endemically in irrigated areas of California, Texas,
and probably in other parts of south central and southwestern U.S.A. where Culex
tarsalis mosquitoes abound. SLE accounts for sporadic cases and occasional small







Culex tarsalis ---- man
etc.
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SLE virus requires warm weather, probably many days over 900 F [5], to complete
its extrinsic incubation (in the mosquito) effectively. A wide variety of birds are
involved in the transmission cycle, including sparrows, pigeons, and blackbirds. The
mosquito, Cu. tarsalis, breeds in ground pools and therefore thrives in irrigated fields
and in years of wet weather in other regions. The mosquito is uncommon in eastern
U.S.A. The overwintering mechanism of SLE virus is not known. Theories include
transovarial transmission, persistent infection in birds, in bats, in snakes, or in
hibernating adult mosquitoes [6].
Epidemic St. Louis encephalitis is the most devastating encephalitic disease in the
U.S.A. The epidemic vector is Culexpipiens, which occurs as the quinquefasciatus
subspecies in the South and as the pipiens subspecies in the North. The mosquito
breeds in sewage or other water with high organic content found in the major cities of
the U.S. The epidemics of SLE are thus urban or suburban. Paradoxically SLE
epidemics occur in drought years because Culexpipiens are most abundant in poorly
draining sewage. The year of the first major epidemic (1933) in St. Louis was the
driest year since i837 when records were first kept [7]. The SLE epidemic cycle is
shown schematically as follows:
Culex pipiens (complex)
I bite
domestic and wild birds
4 viremia
Culex pipiens - ----_ man
etc.
In Florida, Culex nigripalpus replaces Culexpipiens quinquefasciatus as the urban
vector.
Western equine encephalomyelitis is transmitted by Culex tarsalis mosquitoes with
a cycle much like the endemic transmission of SLE virus. In the southwest the two
forms of encephalitis are seen together. WEE virus, however, differs in that it is able
to replicate in the mosquito at much cooler temperatures and thus causes epidemic
disease earlier in the summer, and eventually much farther north (into Canada) later
in the season.
Eastern equine encephalitis is more commonly observed in horses and pheasants
than in man. The virus is transmitted among birds by Culiseta melanura, a swamp
mosquito in which it appears annually and is maintained by an unknown mechanism.
The infection is found along the Atlantic and Gulf coasts as well as in the lake region
of New York State. Transmission during epidemics may be by Aedes mosquitoes.









95Venezuelan equine encephalomyelitis is endemic in the Florida Everglades where
sporadic human Venezuelan encephalitis occurs but is a rare disease [8]. Culex
(Melanoconion) spp. mosquitoes maintain the cycle in the swamp, transmitting to
small rodents. Man is infected only when he lives in the swamp or enters for
recreation [8]. The endemic cycle is as follows:
Culex (Melanoconion) spp.
1 bite
cotton rat, rice rat
| viremia
Culex (Melanoconion) spp.- - man
etc.
An epidemic of VEE occured in 1971 when a distinct VEE serotype which had
previously caused epidemic disease in Middle America was introduced to the U.S.A.





mosquitoes - - - - -- man
etc.
The epidemic was controlled by vaccination of horses and by spraying to kill
mosquitoes. The epidemic subtype ofthevirus was apparently eradicated from Texas
and has not been detected in the U.S.A. since.
The physician must consider not only the season, climate, geographic distribution,
and exposure of the encephalitic patient to vectors, but also the age of the patient.
LaCrosse encephalitis is a disease ofchildren; the clinical attack rate and casefatality
rate of SLE is much greater in older persons; WEE has a higher attack rate and
severity in infants; EEE is a severe disease in children although it also causes
encephalitis in other age groups.
The major outbreaks of SLE and WEE during the past decade are shown in Table
2. Cases of LaCrosse encephalitis occur at a relatively constant rate each year
although the disease is being recognized now much more frequently in some parts of
the U.S.A., such as New York State, than previously.
LABORATORY DIAGNOSIS
Diagnosis ofarboviral encephalitis is generally made by serologic tests ofacute and
convalescent sera. A fourfold or greater rise or fall in antibody titer is diagnostic
of infection. The tests commonly used are hemagglutination-inhibition (HI),
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TABLE 2
Epidemics of Arboviral Encephalitis in the U.S.A., 1969-1978
1974 St. Louis encephalitis Tennessee & Mississippi 47 cases
1975 western encephalitis Red River Valley 84 cases
1975 St. Louis encephalitis central & eastern U.S.A. 2,131 cases
1977 St. Louis encephalitis Florida 51 cases
complement-fixation, neutralization, and fluorescent antibody. IgM appears during
the first two weeks of illness, is type-specific, and is measured by the HI and
neutralization tests. IgG measurable by all four tests appears usually after the second
week of illness. As a rule, the neutralization reaction is most specific, the CF reaction
less so, and the HI reaction the least specific.
These serologic reactions (including the HI test) in the U.S.A. are generally
relatively specific, unlike those in the tropics where heterologous reactions with
closely related viruses may complicate interpretation ofthe serologic response. In the
U.S.A., the diagnosis of St. Louis encephalitis when the disease occurs in persons
with preexisting dengue antibody may be impossible to make because of the
characteristic broad flavivirus group anamnestic response [9]. Additionally, La-
Crosse virus is so closely related to several other members of the California group of
viruses that a specific diagnosis may not be possible on a serologic basis [10]. These
examples of difficult diagnostic situations are exceptions rather than the rule. The
neutralization and HI tests are reliable and are preferred overthe CF test which does
not become positive in some patients.
Rarely, a virus may be isolated directly from blood, but in most patients, by the
time encephalitis is recognized the viremic phase of the infection is past. Virus is
almost never found in the cerebrospinal fluid. At post mortem ifdeath occurs during
the first three or four days of illness, the virus may be recovered by inoculation of
brain suspensions intracerebrally into baby mice or into tissue cultures.
RECENT ADVANCES
Recent advances are most notable in the area ofepidemiology ofencephalitogenic
arboviruses. LaCrosse virus was shown in 1973 by workers at the University of
Wisconsin to be transmitted transovarially both in the laboratory [2] and in its
natural habitat [11] by Aedes triseriatus. This was the first demonstration ofvertical
transmission of a mosquito-borne virus. Although the dynamics of transovarial
transmission may be insufficient to explain the complete maintenance of the virus as
claimed by some [12], amplification in tree squirrels and chipmunks [3] as well as
venereal transmission in the mosquito [4] offer excellent auxiliary mechanisms.
These observations of transovarial transmission and observations of French
scientists of a similar mechanism in Africa for flaviviruses [13] (the family of
arboviruses responsible for yellow fever, St. Louis encephalitis, and Japanese
encephalitis) stimulated the research of Rosen et al. [14] oftransovarial transmission
of Japanese encephalitis virus, a pathogen closely related to St. Louis encephalitis
virus. It is now clear that transovarial transmission is a characteristic of many
mosquito-borne flaviviruses [15] although only a very small number of progeny are
infected, and thus its real significance in nature is yet to be demonstrated. At the same
time Culex pipiens mosquitoes naturally infected with St. Louis encephalitis virus
were found alive and well during February in Pennsylvania and Maryland [16]. This
important observation offers another viable alternative for the overwintering
mechanism of St. Louis encephalitis virus.
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We still have virtually no clues as to the mechanism of overwintering ofalphavi-
ruses (the genus of arboviruses causing eastern, western, and Venezuelan encephalo-
myelitis). New and more sensitive techniques for isolating arboviruses may provide
the answers to the question of where the viruses hide out during times of low or no
transmission. The baby mouse historically was used to isolate arboviruses; it was
recently found that laboratory-raised mosquitoes [17] were more sensitive than mice
for primary isolation, and now the development of the C6/36 clone of the Aedes
albopictus (Singh) cell line [18] offers a highly sensitive cell line to detect both
alphaviruses and flaviviruses.
Recent advances in diagnosis parallel those in virology in general with the
application of radioimmune assay and the enzyme-linked immunosorbent assay [19]
to serodiagnosis of arboviral encephalitis. in addition, with the advent oftechniques
which can differentiate IgM responses [20], an early presumptive diagnosis can be
made in the U.S.A. on a single serum specimen since a predominantly IgM response
with alphaviruses and flaviviruses in most cases means a recent infection.
I wish I could report to the clinical virologist that treatment or vaccines for
arbovirus encephalitis were on the horizon. Both alphaviruses and flaviviruses are
sensitive to interferon, but treatment attempts in monkey models were not successful.
Monkeys with VEE infections had depressed serum levels of virus when treated with
an interferon inducer, but the mortality was enhanced by the treatment for unknown
reasons [21]. It is also difficult to conceive of vaccine application for most of the
arbovirus encephalitides since the development cost would be tremendous and the
application limited to focal population groups at sporadic intervals within unpre-
dictable geographic areas. Conceivably, LaCrosse encephalitis might be an excep-
tion, because the disease is geographically delimited and appears mainly in children;
the demonstration that this group of viruses has segmented RNA genomes and
that reassortment takes place [22] could offer a basis for a recombinant vaccine anala-
gous to that for influenza. A LaCrosse vaccine, even if it proved feasible, would
probably not materialize for many years.
REFERENCES
1. Monath TP: Central nervous system infections (acute). CRC Handbook Series in Clinical Laboratory
Science. Section H: Virology and Rickettsiology Vol 1 Part 2. Edited by GD Hsiung, RH Green. West
Palm Beach, CRC Press, 1978, p 261
2. Watts DM, Pantuwatana S, DeFoliart GR, et al: Transovarial transmission of LaCrosse virus
(California encephalitis group) in the mosquito, Aedes triseriatus. Science 182:1140-1141, 1973
3. Moulton DW, Thompson WH: California group virus infections in small forest-dwelling mammals of
Wisconsin, some ecological considerations. Am J Trop Med Hyg 20:474-482, 1971
4. Thompson WH, Beaty BJ: Venereal transmission of LaCrosse virus from male to female Aedes
triseriatus. Am J Trop Med Hyg 27:187-196, 1978
5. Hess AD, Cherubin CE, LaMotte LC: Relation oftemperature to the activity of western and St. Louis
encephalitis viruses. Am J Trop Med Hyg 12:657-667, 1963
6. Reeves WC: Overwintering of arboviruses. Prog Med Virol 17:193-220, 1974
7. Bredeck JF: History of the epidemic. Report on the St. Louis Outbreak of Encephalitis. Public Health
Bulletin No. 214, US Public Health Service, 1935, pp 7-16
8. Ehrenkranz NJ, Sinclair MC, Buff E, et al: The natural occurrence of Venezuelan equine encephalitis
in the United States. N Engl J Med 282:298-302, 1970
9. Hammon WMcD, Sather GE, Bond JO, et al: Effect of previous dengue infection and yellow fever
vaccination on St. Louis encephalitis virus serological surveys in Tampa Bay area of Florida. Am J
Epidemiol 83:571-585, 1966
10. Lindsey HS, Calisher CH, Mathews JH: Serum dilution neutralization test for California group virus
identification and serology. J Clin Micro 4:503-510, 1976
11. Pantuwatana S, Thompson WH, Watts DM, et al: Isolation of LaCrosse virus from field-collected
Aedes triseriatus larvae. Am J Trop Med Hyg 23:246-250, 1974ARBOVIRUS-RELATED ENCEPHALITIS 99
12. Fine PEM, LeDuc JW: Towards a quantitative understanding of the epidemiology of Keystone virus
in the eastern United States. Am J Trop Med Hyg 27:322-338, 1978
13. Coz J, Valade M, Cornet M, et al: Transmission transovarienne d'un flavivirus, le virus Koutango
chez Aedes aegjpti L. C R Acad Sci (Paris) 283:109-110, 1976
14. Rosen L, Tesh RB, Lien JC, et al: Transovarial transmission of Japanese encephalitis virus by
mosquitoes. Science 199:909-911, 1978
15. Tesh RB, Rosen L, Beaty BJ, et al: Studies of transovarial transmission of yellow fever and Japanese
encephalitis viruses in Aedes mosquitoes and their implications for the epidemiology of dengue.
Dengue in the Caribbean, 1977. Pan American Health Organization publication No. 375, 1979, pp
179-182
16. Bailey CL, Eldridge BF, Hayes DE, et al: Isolation of St. Louis encephalitis virus from overwintering
Culex pipiens mosquitoes. Science 199:1346-1349, 1978
17. Rosen L, Gubler D: The use of mosquitoes to detect and propagate dengue viruses. Am J Trop Med
Hyg 23:1153-1160, 1974
18. Igarashi A: Isolation of a Singh's Aedes aegypti cell clone sensitive to dengue and chikungunya
viruses. J gen Virol 40:531-544, 1978
19. Frazier CL, Shope RE: The detection of antibodies to alphaviruses with the ELISA technique. J Clin
Micro 10:583-585, 1979
20. Edelman R, Pariyanonda A: Human immunoglobulin M antibody in the serodiagnosis of Japanese
encephalitis virus infections. Am J Epidemiol 98:29-38, 1973
21. Stephen EL, Hilmas DE, Levy HB, et al: Protective and toxic effects ofa nuclease-resistant derivative
of polyribosinic-polyribocytidylic acid on Venezuelan equine encephalomyelitis virus in rhesus
monkeys. J Infect Dis 139:267-272, 1979
22. Gentsch J, Wynne LR, Clewley JP, et al: Formation of recombinants between snowshoe hare and
LaCrosse bunyaviruses. J Virol 24:893-902, 1977